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Abstrat
We show that the quark avour struture and CP violating phenomena are strongly
orrelated in supersymmetri theories. For a generi pattern of supersymmetry break-
ing the two broad ategories of Yukawa ouplings, demorati and hierarhial textures,
have entirely dierent phenomenologial impliations. With hierarhial Yukawas, the
rephasing invariant phase, arg(VusVcbV
∗
cbV
∗
cs), in the CKM mixing matrix has to be of or-
der unity, while the SUSY CP violating phases are severely onstrained by eletri dipole
moments, giving rise to the so-alled SUSY CP problem. With demorati Yukawas, all
experimental CP results an be aommodated with small values for the CKM and SUSY
CP violating phases (i.e., CP an be onsidered as an approximate symmetry at the high
energy sale). We also show that within this senario, an entirely real CKM matrix in
supersymmetri models is still allowed by the present experimental results.
1
1 Introdution
In the Standard Model (SM), CP violation and avour transition arise from omplex
Yukawa ouplings whih lead to a physial CP violating phase in the CabibboKobayashi
Maskawa (CKM) mixing matrix. Within the SM, the rephasing invariant phase δCKM ≡
arg(VusVcbV
∗
ubVcs) has to be of order unity in order to aount for the observed CP vio-
lation in the kaon setor. Reent experimental results on CP violation in B deays [1℄
are onsistent with the SM and also with the Constrained MSSM with avour universal-
ity, whih requires a similarly large value of δCKM . It is tempting therefore to onlude
that the possibility of a real CKM matrix is now exluded and that CP violation in the
Yukawas has been established and is dominant [2℄. In this paper we demonstrate that
this onlusion is premature. Although the SM and Constrained MSSM provide onsis-
tent preditions of the experimentally determined CP violation, there remain reasonable
supersymmetri models with δCKM = 0 that are also onsistent with experiment.
The models in question must neessarily have large avour nonuniversality and yet
satisfy onstraints on for example eletri dipole moments (EDMs). We will see that
reasonable preditions an still be obtained in models with Yukawas that are lose to
demorati and whose (avour nonuniversal) SUSY breaking patterns an be motivated
by eetive D-brane models. More generally, there is a orrelation between the avour
struture of the Yukawas and CP violating phenomena. Those models that have more
demorati Yukawas an have smaller CKM phases, thereby mitigating the so alled
supersymmetri CP problem by reduing the ontribution to EDMs.
Demorati textures are one of the two broad ategories of Yukawa ouplings. The rst
ategory has of ourse the familiar hierarhial struture [3℄: Y33 > Yij, Y22 > Ymn where
Yij is any entry exept Y33, and Ymn denotes the (1, 1), (1, 2) and (2, 1) entries. This type
of Yukawa texture an be onsidered as a perturbation around diagonal fermion mass
matries. The seond ategory inludes the Yukawa ouplings with nearly demorati
textures whih are perturbations around the matrix
∆ =


1 1 1
1 1 1
1 1 1

 . (1)
Although these two lasses look quite dierent and an have very dierent motivations,
they lead to exatly the same physis within the framework of the SM. Both an give
the orret fermion masses with the measured values of the CKM mixing matrix. Indeed,
within the framework of the SM, one an go from the demorati texture to the hierarhial
one, through a weak basis (WB) transformation whih keeps the gauge urrent avour
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diagonal. Within the SM, the physis does not hange when one makes the above WB
transformation. However this is no longer the ase when one onsiders extensions of the
SM and in partiular supersymmetri ones.
As a result, we shall see in this paper that, for a given pattern of supersymmetry
breaking in supersymmetri extensions of the SM, these two types of Yukawa have en-
tirely dierent phenomenologial impliations. We will demonstrate that a real CKM
matrix is still possible in demorati models with avour non-universal A-terms. (Ro-
tating to a basis in whih the Yukawas are hierarhial would yield A-terms with a very
peuliar hierarhial struture.) In models of this type, the SUSY ontributions, as we
will show in detail below, an be dominant and an saturate all the CP experimental
results even with vanishing δCKM . (This is a generalization of the onlusions of ref.[4℄
whih onsidered pure phase matries and found a small amount of CP violation from the
usual KM mehanism and signiant SUSY ontributions.)
If instead we take hierarhial Yukawas and keep the A-terms to be of the same
order, the usual KM mehanism must give the dominant ontribution to all CP violating
measurements, sine it is impossible to aount for the observed CP violation in K and
B systems by the supersymmetri ontributions alone and without exeeding the limits
from eletri dipole moments (EDMs) [5℄. I models of this type we inevitably require
δCKM of order unity. We should omment that in Ref.[6℄, a supersymmetri model with a
real CKM and large avourindependent SUSY soft phases was onsidered. It was shown
that it is possible, with unonventional avour struture of squark mass matries and
order one SUSY soft phases, that SUSY ontributions an aount for the experimental
results of CP violation in the kaon system and aJ/ψ. The EDM problem of this model was
assumed to be solved by anellation between dierent ontributions. However, as shown
in Ref.[5℄, this anellation an not suppress simultaneously the EDM of the eletron,
neutron and merury.
Unsuessful searhes for EDMs are without doubt the most onstraining fator for
SUSY models that seek to provide alternative explanations for the CP data, and so we
begin in the following setion, by reviewing the various ways in whih EDMs might be
suppressed. As well as the onventional Constrained MSSM with avour universality,
there are a number of other far less restritive ideas available, suh as hermitian avour
struture, and fatorizable A-terms. In partiular D brane models provide a realization
of the latter, and an therefore naturally lead to suppression of EDMs. In the setions
that follow, we then onsider the purely supersymmetri prodution of ε and ε′/ε within
these frameworks, and go on to show how the models outlined above an also generate
suient CP violation in B mixing.
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2 Suppressing EDMs
EDMs are a serious problem for supersymmetri models beause of the opious soures
of CP violating phases. A generi SUSY model predits values of the neutron, eletron
and merury EDMs that are many orders of magnitude larger than the urrent bounds
[7, 8, 9℄,
dn < 6.3× 10
−26ecm(90%CL),
de < 4.3× 10
−27ecm,
dHg < 2.1× 10
−28ecm. (2)
With the expeted improvements in experimental preision, the EDM is likely to be one
of the most important onstraints on physis beyond the Standard Model for some time
to ome. (Indeed one of the reasons EDMs are so important is that suient baryogenesis
requires CP violation beyond that in the Standard Model, and EDMs therefore restrit
the possibilities.)
The omplete expressions valid for any basis were presented in Ref. [5℄ and we shall
use these expressions throughout our analysis. The ontributions an also be understood
in terms of leading order mass insertion diagrams, and this provides a useful model inde-
pendent onstraint on the imaginary part of the mass insertions. The merury EDM is
typially most onstraining and one nds
Im(δd,u11 )LR < 7.10
−8
Im(δd22)LR < 6.10
−6
for squark masses of order 500GeV.
Any viable model must therefore have a pattern of avour and/or supersymmetry
breaking that leads to EDM suppression. There are several andidates patterns whih
an do this, of whih the Constrained MSSM with small SUSY phases is merely the most
restritive example. Our rst task, whih is the subjet of this setion, is therefore to
onsider the general properties of EDMs in SUSY and to identify the patterns that an
naturally lead to their suppression. This will enable us in the following setion to onsider
those examples that have real CKM matries. An additional task, whih we only partially
address here, is to nd underlying mehanisms whih might be responsible for generating
these avour and supersymmetry breaking patterns.
Let us begin by writing the high energy sale soft breaking potential as
VSB = m
2
αβφ
∗
αφβ − (BµH1H2 + h.c.) + (AlijY
l
ij H1l˜Lie˜
∗
Rj + AdijY
d
ij H1q˜Lid˜
∗
Rj
− AuijY
u
ij H2q˜Liu˜
∗
Rj + h.c.) +
1
2
(m3g˜g˜ +m2W˜ aW˜
a +m1B˜B˜) , (3)
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where φα denotes all the salars of the theory. In the omplete Lagrangian there are now
43 new phases in addition to the phase of the CKM matrix. In all ases the phase of µ
is dangerous for EDMs (we do not onsider anellation of phases, although we onsider
this to be extremely unlikely for the reasons set out in Ref. [5℄), so it is reasonable to
assume that it is automatially set to zero by whatever mehanism is responsible for the
reation of the µ term.
The A-terms are more problemati beause of their avour hanging nature, and in
fat both the CP phases and avour struture need to be speied to ensure suppression
of EDMs. Indeed even if the A-terms are real in the SUGRA basis in whih they are
alulated, they may still indue large EDMs if the Yukawa ouplings are not almost
diagonal in that basis [10℄. Generally therefore, the onventional SUSY avour and CP
problems are inextriably linked with eah other and with the Yukawas, and EDMs provide
a restritive onstraint on the entire avour struture of generi fundamental models, the
so-alled string CP problem [10℄.
There are a number of possible avour and/or SUSY breaking patterns whih may
explain the absene of additional ontributions to EDMs:
• Flavour universality and small phases in SUSY breaking: This is the most severe
assumption but works independently of the Yukawa struture. It is allowed by
for example dilaton dominated breaking in supergravity models. However the latter
possibility is even more restritive and appears to be ruled out by both experimental
and osmologial onsiderations. In addition dilaton domination does not our very
naturally when one onsiders the dynamial stabilization of dilaton and moduli
elds.
• Approximate CP: If we relax the assumption of avour universality then generally
we will get large EDMs. We repeat that this is the ase even if the A-terms are real
in the supergravity basis where they are alulated, beause EDMs are alulated
in the mass basis and the rotation to this basis will generally introdue phases of
the order of δCKM . Thus in models with a large δCKM the dipole moments are a
onstraint on the avour struture of the A-terms. The approximate CP idea seeks
to avoid this problem by making all phases inluding δCKM small (of order 10
−2
or less). This is enough to suppress EDMs below the urrent experimental bound,
but the experimentally observed CP violation in the K and B systems must then be
made up hiey from supersymmetri ontributions.
• Hermitian avour struture: Large phases are allowed if they do not appear in the
avour diagonal SUSY breaking in the basis where we are alulating the EDMs. It
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is unreasonable to expet this to be the ase unless the supersymmetry breaking is
avour universal (in whih ase any hange of basis ommutes with the A-terms) or
the avour struture is hermitian, with CP violation being assoiated with avour
o-diagonal phases [11℄. If both the Yukawas and A-terms are hermitian, then
they remain so in any basis and the ontribution to EDMs is extremely small (i.e.
it is indued only by renormalization group eets). A hermitian mass matrix is
diult to ahieve however, but it an arise in models where the avour struture
is assoiated with the VEVs of higgs elds in the adjoint representation of an SU(3)
avour group [12℄. An added benet of this assoiation of CP violation with avour
struture is that it explains why there is no phase on the µ term.
• Fatorizable A-terms. A rather less dramati assumption is that the A-terms are
fatorizable; that is they an be written
AijYij = (a.Y )ij (4)
where a is some matrix. It is not hard to see why this leads to a suppression
of EDMs if we examine a typial ontribution to the down-quark EDM from the
gluino diagram. At leading order this ontribution is proportional to the A-term
mass insertion above. To alulate it we rotate to the mass basis, where the mass
insertion beomes
Im
(
(S†L.a.SL)11
md
v1
)
. (5)
where SL is the diagonalization matrix of the left handed quarks. The situation is
similar to that in the Constrained MSSM with non-zero phases. There is a partial
suppression due to the up-quark insertion, but satisfying EDM bounds requires a
further suppression whih an be ahieved by setting a single phase to be smaller
than 10−2. In the Constrained MSSM the phase in question is that of the universal
A-term, whereas in the fatorizable ase the phase is that of a11. If there is a
large amount of mixing as in the demorati ase there will also be onstraints on
the phases of the other elements of a, but depending on SL this is typially less
severe (10−1 for example). For hargino diagrams there is an additional mixing
due to the CKM matrix, but an additional suppression due to the weak interation
verties. Fatorizable A-terms arise rather naturally in D-brane models as explained
in Ref. [13℄, where typially the A-terms will have degenerate rows
Aij =


a a a
b b b
c c c

 → a =


a
b
c

 . (6)
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When the Yukawas are hierarhial, EDM suppression only requires that the phase
θa < 10
−2
, and leaves θb and θc essentially unonstrained. In the demorati ase
the mixing to the third generation from SL is signiant, and one typially requires
θa, θc < 10
−2
and θb < 10
−1
.
It is lear that the last two patterns may still allow real CKM matries. The fat that the
supersymmetri ontributions to CP violating proesses must be dominant implies that
there should be large phases somewhere in the model whih implies that the hermitian and
fatorizable patterns may still be viable with real CKMs. Rather surprisingly however,
when we take the approximate CP limit of small phases, we an still nd models that
are viable with demorati Yukawas. As we shall see, this is beause small phases at
the GUT sale an be transformed into large ones at the weak sale by renormalization
group eets when the mixing is large. In order to get signiant ontributions to the
CP asymmetry observed in B deays, the supersymmetri 13 mixing should be large as
well. All of these onditions an be met by models that have real and almost demorati
Yukawas, and either hermitian or fatorizable A-terms, even in the approximate CP limit,
as we shall now see.
We will begin in this setion by onsidering EDMs and onrming the general be-
haviour desribed above, and then in the following setions go on to onsider the other
CP violating parameters. For our numerial estimates, it will be useful to have the fol-
lowing spei example of Yukawas in mind;
Yu =
1
v sin β
diag (mu, mc, mt) ,
Yd =
1
v cos β
KT .diag (mu, mc, mt) .K
∗, (7)
where K is the CKM matrix. This texture is a standard example of hierarhial Yukawas.
The CKM matrixK is formed from the unitary transformations that diagonalize the mass
matries in the up and down setors whih in this ase are given by SuL = S
u
R = I and
SdL = S
d
R = K. This shows that the hierarhy inherent in the Yukawa textures reveals
itself in these rotation, whih as we will disuss below has important onsequenes in the
SUSY results. Conversion of the hierarhal Yukawa matries to demorati ones an be
brought about the unitary transformation
Ydem = UYherU
+
(8)
where U is given by
U =


1√
6
1√
6
− 2√
6
− 1√
2
1√
2
0
1√
3
1√
3
1√
3

 . (9)
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In this ase, we nd that Y udem and Y
d
dem are given by
Y udem =
λu
3


1.013 0.987 0.999
0.987 1.013 0.999
0.999 0.999 1

 , (10)
Y ddem =
λd
3


0.987 0.905 0.968
0.903 1.212 1.008
0.967 1.008 1

 , (11)
where λu = mt/v sin β and λd = mb/v cos β. Numerially, the Yukawa ouplings are now
diagonalized by the transformations
SuL ≃ S
u
R ≃


−0.408 −0.408 0.816
0.707 −0.707 0
−0.577 −0.577 −0.577

 , (12)
SdL ≃ S
d
R ≃


−0.557 −0.246 0.793
0.622 −0.757 0
−0.551 −0.606 −0.574

 . (13)
Evidently in this ase the matries Su,dL,R have large mixing, and in partiular the mixing
between the rst and the third generation is muh larger than it is in the ase of hierarhi-
al Yukawas where (SuL,R)13 = 0 and (S
d
L,R)13 = K13 ∼ 10
−3
. In the SM only SuL.S
d†
L ≡ K is
physially meaningful, but in SUSY models, in partiular with nonuniversal soft breaking
terms, these matries play a signiant role as we will disuss below.
We now need to assume one of the patterns of A terms speied above, that avoid
large EDMs whilst simultaneously enhaning the SUSY ontributions to the other CP
observables; i.e. we will assume either that the avor strutures are ompletely hermitian
(Y q = Y q
†
and Aq = Aq
†
) or that the A-terms are matrix fatorizable (Aˆ = A.Y or Y.A).
In the former ase, avour blind quantities suh as the µterm and the gaugino masses
are real while in the latter this has to be assumed. Also sine in eqs.(7,10, 11) we onsider
symmetri and real Yukawas the hermitiity assumption requires simply that our A-terms
are hermitian. Note that these hoies aet only the EDMs and do not greatly aet
our later onlusion of dominant supersymmetri ontribution to the other CP violating
parameters suh as ε and ε′, provided that the Yukawas are demorati. Indeed we an
obtain similar results for any other hoie of nonuniversal Aterms (but of ourse with
general overprodution of EDMs).
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Figure 1: The merury EDM versus the o-diagonal phases of the hermitian A-terms for
hierarhial (left) and demorati (right) Yukawas.
Now onsider the following hermitian Aterms;
Ad = Au =


A11 A12e
iϕ12 A13e
iϕ13
A12e
−iϕ12 A22 A23eiϕ23
A13e
−iϕ13 A23e−iϕ23 A33

 . (14)
In Figure 1, we display the merury EDMs as a funtion of the avour odiagonal
phases of the Aterms in Eq.(14) with the hierarhal and nearly demorati Yukawa
examples given in eqs.(7,10, 11). We assume tanβ = 5, m0 = m1/2 = 250 GeV, Aii =
m0, A12 = −2m0, A13 = −m0 and A23 = 2m0 As noted in ref.[12℄, in the ase of
hierarhal Yukawas the EDM limits do not impose signiant onstraints on the phases
of the hermitian Aterms sine the entire ontribution is from renormalization group
running. However, with nearly demorati Yukawas, beause of the signiant mixing
between the dierent generations, we observe that the strongest onstraint oming from
the merury EDM requires that the odiagonal phases be less than pi/10.
As mentioned earlier, beause of the large mixing, the bounds on the phases of the
fatorizable Aterms with demorati Yukawas are more stringent than that in the ase
of hierarhal Yukawas. As found in ref.[4℄, with universal strength Yukawas ompatibility
with EDMs onstrains these phases to be of order 10−2 − 10−1, whereas with hierarhal
Yukawas some phases an be of order one.
3 εK and ε
′/ε with a real CKM matrix
Generally one expets a onsiderable enhanement of CP violating proesses in super-
symmetri extensions of the SM by both new SUSY CP violating phases and also by new
avor strutures. However in the most onstrained ase of SUSY models with minimal
avor violation (as in mSUGRA, where universality of the soft SUSY breaking terms is
9
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Figure 2: Correlation between εK and ε
′/ε for tanβ = 5, m0 = m1/2 = 250 GeV,
Aij ∈ [−3, 3] m0 and φAij <∼ 0.1. The box represents the SM and the onstrained MSSM
results.
assumed and the only soure of avour struture is the Yukawa matries), the two physi-
al SUSY phases are onstrained by the EDMs to be O(10−2). If in addition δCKM = 0,
the SUSY ontributions annot aount for CP violating measurements suh as εK , ε
′/ε
and the CP asymmetry of the B0 mesons. This is true for both types of Yukawa sine, as
mentioned above, due the universality of the soft breaking terms the matries Su,dL,R have
no eet. For instane the LR part of the squark mass matrix in the super-CKM basis is
given by SqLAˆ
qSq†R , where Aˆ
q
ij = Y
q
ijA
q
ij . Thus for universal trilinear ouplings we obtain
ASqLY
qSq†R = AY
d
diag. So, as in the SM, the matries S
u,d
L,R do not play any role.
This fat has motivated a growing interest in SUSY models with non-universal soft
breaking terms [14℄. It has been proven that the trilinear ouplings play an important role
and that new avour struture in the A terms an saturate the experimental measurement
of εK and ε
′/ε.
It is remarkable that, although EDMs are more onstraining for the SUSY phases in
the ase of the demorati Yukawa ouplings, the SUSY ontribution to the CP observ-
ables in the K system are signiant and muh larger than the SUSY ontributions with
large SUSY phases and very small mixing between generations [12℄. In the demorati
lass of models the SUSY ontribution an easily saturate the experimental values of εK
and ε′/ε. Indeed, it has been shown in ref.[12℄ that the gluino mediated boxes with LL
mass insertions give the leading ontributions to εK and that ε
′/ε is dominated by the
hargino loops with LL mass insertions.
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In gure 2 we present a satter plot for the orrelation between the CP violating
parameters εK and ε
′/ε in SUSY model with the demorati Yakawa ouplings as in
eqs.(10,11) and Hermitian A-terms as in eq.(14) for tan β = 5, m0 = m1/2 = 250 GeV,
Aij ∈ [−3, 3] m0 and φAij <∼ 0.1. In this gure we also show the predition of the on-
strained MSSM for this orrelation, whih as we emphasized is essentially the SM result.
These results already tell us that a sizable SUSY ontribution to ε and ε′ does not
require large phases (either in the CKM or in the soft SUSY terms) but it does require
large avour mixing in the Yukawas together with avour struture in the soft terms
(suh as nondegenerate A-terms). In this ase, the CP violation an at as a probe
of the avour struture of the supersymmetri theories. This senario for CP violation,
where the CP violation in the K and B systems is fully supersymmetri, is omplementary
to the usual one in all of the CP phenomena originate from the SM and there is no new
avor struture beyond the Yukawa. The latter minimal avour assumption remains valid
of ourse, however it does not dier signiantly from the SM.
4 Large aJ/ψKS with real CKM and the unitary triangle
It is tempting to assume that the reently measured large CP asymmetries in Bd and B¯d
meson deay to J/ψKS (aJ/ψKS) observed by BaBar and Belle [1℄ indiate that δCKM is
of order one. If nature is supersymmetri, then this would lead to the very important
onlusion that CP must already be violated by the supersymmetri part of the theory (i.e.
the superpotential). However in ref.[15℄ it has been emphasized that the supersymmetri
hargino ontribution to Bd− B¯d mixing an aommodate this large value of aJ/ψKS and
that the SM ontribution an be relatively small.
In the presene of SUSY ontributions the CP asymmetry parameter is given by
aJ/ψKS = sin 2β
eff = sin(2βSM + 2θd), (15)
where
βSM = arg
(
−
KcdK
∗
cb
KtdK∗tb
)
(16)
whih equals zero in our ase with real K and
2θd = arg
(
1 +
MSUSY12 (Bd)
MSM12 (Bd)
)
. (17)
The important SUSY ontribution to the Bd − B¯d is given by
MSUSY12 (Bd) =M
g˜
12(Bd) +M
χ˜±
12 (Bd). (18)
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In order to saturate the experimental values of aJ/ψKS through the gluino exhange
one should have, for squark mass of order 400 GeV and gluino mass of order 200 GeV,
the following mass insertions [15℄
√
|Im[(δdLL)
2
31]| = 5.2× 10
−2,
√
|Im[(δdRL)
2
31]| = 2.5× 10
−2, (19)√
|Im[(δdLL)31(δ
d
RR)31]| = 9.6× 10
−3,
√
|Im[(δdLR)31(δ
d
RL)31]| = 1.2× 10
−2. (20)
While the bounds on the mass insertions from saturating aJ/ψKS by hargino up squark
loops for hargino mass of order 200 GeV and light stop mass of order 200 GeV are given
by [15℄
√
|Im [(δuRL)
2
31] | ≃ 4× 10
−1,
√
|Im [(δuLL)31(δ
u
RL)31] | ≃ 2.2× 10
−1, (21)√
|Im [(δuLL)31(δ
u
RL)32] | ≃ 4.8× 10
−1,
√
|Im [(δuRL)31(δ
u
RL)32] | ≃ 6× 10
−1
(22)
In the framework of hierarhal Yukawa ouplings we nd that these mass insertions
are at least two orders of magnitude smaller than the above limits and therefore the SUSY
ontributions to the CP asymmetry aJ/ψKS are negligible. Thus in this senario a real
CKM matrix is disfavoured and the only way to get large asymmetry is to have a large
δCKM with the SM giving the leading ontribution.
With demorati Yukawas however, there is a large mixing between the dierent gen-
erations whih an give large mass insertions thereby aommodating the experimental
result for aJ/ψKS with a simultaneous saturation of the experimental measurements of εK
and ε′/ε. Using the Yukawa textures given in eqs.(10,11), we nd that the mass insertion
(δuRL)32 gives the dominant hargino ontribution to aJ/ψKS , while the other mass inser-
tions are at least two order of magnitude smaller than the required bounds.
In gure 3 we present a satter plot of the aJ/ψKS versus the values of the parameter εK
for tan β = 5, m1/2 = 250 GeV and the odiagonal phases φAij <∼ 0.1 in order to satisfy
the EDM onstraints. We vary the absolute values of Aij from −3m0 to 3m0. From this
gure, we see that in this lass of models aJ/ψKS an be within the experimental range
even with a real CKM matrix and small SUSY phases.
At this stage we should omment on the question of whether having a at unitarity
triangle is onsistent with present experimental data. Within the framework of the SM,
one an show that the present experimental values of |VudVub|, |VcdVcb|, and |VtdVtb| are
inonsistent with a at unitarity triangle [16℄. However this onlusion is no longer valid in
the framework of physis beyond the SM, in partiular in the supersymmetri extensions
we are onsidering. This is beause, while the extration of |Vub| and |Vcb| from Bmeason
deay rates remains valid even in the presene of New Physis (NP), the extration of
12
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Figure 3: The CP asymmetry aJ/ψKS versus εK . The SUSY parameters are xed as in
gure 1. Again, the box represents the SM and the onstrained MSSM results.
|VtdVtb| from experimental data on Bd − B¯d and Bs − B¯s mixings has to be modied [17℄
in order to take into aount NP ontributions to the above proesses.
5 On approximate CP violation
We have seen in the previous setion that supersymmetry an provide the main ontribu-
tion to CP violation with real CKM and with small SUSY phases if the Yukawa ouplings
are nearly demorati and the Aterms are nonuniversal. The large avour mixing in
this model is ruial to ompensate for the smallness of the CP phases. In gure 4, we
plot the values of εK , ε
′/ε and sin 2β for φ12 = φ13 = φ23 = 10−2, m0 = m1/2 = 250 GeV
and Aij vary from −3m0 to 3m0. As an be seen from this gure, the experimental val-
ues of these quantities an be saturated by the supersymmetri ontributions with small
phases. It worth noting that due to the hermitiity assumption of the A-terms there is
a severe anellation between LR and RL mass insertions in the gluino ontribution to
ε′/ε. Therefore, in this lass of models, the hargino ontribution is the only soure and
hene the values of ε′/ε are smaller than usual. With dierent patterns for the A-terms,
suh as the fatorizable form given in eq.10,11, suh anellation does not our and the
gluino gives the dominant ontribution resulting in larger values for ε′/ε.
Sine the SUSY phases are of order 10−2 (and δCKM = 0), one may onsider this model
as an example of approximate CP violation. As disussed in setion 2, approximate CP
is an interesting possibility for solving the SUSY EDM problem. However, when the
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Figure 4: The values of εK verses ε
′/ε (left) and sin 2β (right) for SUSY phases equal
10−2, m0 = m1/2 = 250 GeV and Aij ∈ [−3m0, 3m0].
avour struture is highly non-universal, it is very important to speify at whih sale the
approximate CP assumption is imposed. It is lear that imposing it at the eletroweak
(EW) sale is not viable, sine all ontributions to CP violating proesses would then
be too small to aommodate the experimental measurements of εK , ε
′/ε and aJ/ψKS .
However, the imposition of approximate CP only makes sense at the energy sale at
whih CP is broken (the GUT sale for example) then, as shown in the previous setions,
all the CP violating phenomena at low energy sale an be aommodated thanks to
renormalization group eets.
It is worth noting in detail how the running aets the various parameters that enter.
The evolution of the CKM matrix from the GUT sale to the EW sale hanges the value
of δCKM only slightly, and a δCKM of order 10
−2
at GUT sale remains of that order at the
EW sale. For SUSY parameters the situation is dierent however. Some quantities, suh
as the diagonal elements of Aterms, reeive real ontributions from the gaugino masses,
so that their phases are diluted by the running, and at the EW sale the phases of Aii
are smaller than those at GUT sale. On the other hand, the phases of the odiagonal
Aterms and the µterm are essentially preserved by the running. Furthermore, with
diagonal soft salar masses at GUT sale we have (M2Q)ij = 0 for i 6= j. Sine the running
of these quantities depends on the o diagonal elements of the Aterms, they reeive some
small omplex ontributions. However, the real parts of these quantities are of the same
order as their imaginary parts and hene, by the time we reah the weak sale, the phases
of these parameters are of order one.
In the super-CKM basis, the mass insertions (δd,uLL)ij whih are relevant for εK (in
partiular (δd,uLL)21) and aJ/ψKS (in partiular (δ
d,u
LL)31) are given by
(δd,uLL)ij = (S
u,d
L M
2
QS
u,d†
L )ij .
It turns out that arg
(
(δd,uLL)ij
)
≃ 10−1 − 1. However the magnitudes of these mass inser-
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tions strongly depend on the values of the transformation matries Su,dL,R. In the ase of
hierarhial Yukawas, these matries have very small mixing, similar to the CKM matrix),
and therefore the absolute value of for instane (δuLL)31 is of order 10
−3
whih is too small
to aount for the large value of sin 2β. On the other hand, with demorati Yukawas,
the matries Su,d have large mixing as in eqs.(12) whih enhanes the magnitude of these
mass insertions, so that
√
|Im(δuLL)
2
31| is of order 10
−1
whih is the required value [15℄ in
order to get sin 2β ≃ 0.79. The same reasoning an be given for the enhanement of the
value of εK with demorati Yukawas.
We thus onlude that, due to the large SUSY CP violating phases given by arg
(
(δd,uLL)ij
)
,
CP is signiantly violated at low energy sale even if it was an approximate symmetry
at high energy sale.
6 Conlusion
To summarize, we have shown that a demorati Yukawa struture together with avour
non-universality in the soft supersymmetry breaking, an lead to signiant supersym-
metri ontributions to CP violating proesses. Indeed it is still possible to saturate all
CP violating proesses entirely with supersymmetry ontributions even if the phase of
the CKM matrix is small. This result ontrasts sharply with the usual assumption that
a large measured value of sin 2β implies a large CKM phase. We stress that impliit
in this assumption is a hierarhial avour struture and/or avour universality. With
more demorati avour strutures for the Yukawas and generi and non-universal SUSY
breaking, we one again nd that a small δCKM is possible.
Moreover we noted that entirely supersymmetri CP violation is still onsistent with
the notion of approximate CP (i.e. small phases). The ruial point here is that, when
there is a large amount of avour non-universality, renormalization groups eets generally
turn a vertex insertion with small CP phases at a high energy sale into one with large
phases at the weak sale. Approximate CP an therefore still be onsistently imposed at
some high sale, and indeed some of the nie features of approximate CP, suh as small
µterm phases, survive the renormalization.
What does this result mean for our understanding of CP violation? First it shows us
that it is still rather too early to dismiss alternatives to a large CKM phase; we do not
believe that a phase in the CKM matrix has yet been proven to exist. However, from
the gures presented in the paper, we learly see that the standard CKM piture of CP
violation is rather suessful ompared to the demorati Yukawa models presented here.
Thus the seond role of our analysis is to help quantify the suess of the standard CKM
15
model.
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